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Neuronetrix Active Electrode 
Patent Summary 



Electroencephalograms (EEGs) have traditionally been the most difficult electrogram 
measurement to acquire from a hardware standpoint. The signal amplitude for EEGs is tens to 
hundreds of times smaller than that of ECGs or EMGs. The most common EEG application 
involves using numerous Ag/AgCI electrodes contained within a net or hat placed on the scalp 
of the patient, with each electrode individually tested for low impedances of less than 10 kQ. To 
foster low impedances, technicians often will abrade the scalp of the patient to remove the 
stratum corneum and use electrolyte gels or saline solutions to couple the electrode to the skin. 
The typical EEG net or hat then connects to the hardware box using a cable several feet in 
length, subjecting the microvolt-level EEG signal to ambient noise that is many times greater 
than the signal itself. 

The net effect is the designer is challenged to extract the very small signal with a poor signal-to- 
noise ratio in a very narrow frequency range (typically 0.05 to 40 Hz). The design must then 
incorporate high-order filters with high gain (5000-20000 times) and sharp roll-off, to ensure that 
the only the desired signal is recorded. 

The Neuronetrix READS system is designed using a revolutionary approach to the recording of 
EEGs. This system uses eight active electrodes and a single reference electrode to diagnose 
low-level brain dysfunctions such as hearing loss, and high-level brain dysfunctions such as 
dyslexia. This system incorporates an active, digital electrode which amplifies and digitally 
converts the EEG signal at the source, thereby eliminating noise and signal degradation issues. 

This is to date the most integrated and advanced electrode designed for any electrogram 
measurement. To eliminate the poor SNR problems seen in EEG recordings, we are designing 
the amplification and filtering electronics into each electrode. Each of the eight electrodes 
contains a 4-pole low pass filter set at 30Hz and a 2-pole high-pass filter set at 0.01 Hz, with an 
overall filter gain of 10. Each electrode also contains a dual instrumentation amplifier with a 
fixed gain of 5 in the first stage, and a variable gain in the second stage for an overall gain of 
5000-15000. The variable gain is set by digital potentiometers, with each electrode receiving a 
resistive input from a distinct digital pot. 

These active electrodes are also the first such electrodes to contain high-resolution A/D 
conversion on board, so that the only output from each electrode is a digitized signal at a point 
physical located less than 15mm from the Ag/AgCI electrode itself. Each electrode contains a 
single 16-bit A/D converter operating on a Serial Peripheral (SPI) bus, allowing individual 
electrodes to be "activated" using a chip select function selected through a demultiplexer also 
on the SPI bus. This allows all electrodes to share a single digital output connection and 
reduces the number of wires between the headset and the control box. 



BEST AVAILABLE COPY 




Passive, Low- 
pass Filter 
@ 0.01Hz 




Passive, Low- 
pass Filter 
@ 0.01Hz 



Amplification 
@5x 



I 




Passive, Low- 
pass Filter 
@ 0.01 Hz 



Amplification 
@5x 



Amplification 
@5x 



Active, High-pass 
Filter @ 30Hz; 
Amplificaiton 
@ 10x 



Active, High-pass 
Fitter @ 30Hz: 
Amplificaiton 
@ 10x 



Active, High-pass 
Filter @ 30Hz; 
Amplificaiton 
@10x 



Passive, Low- 
pass Filter 
@ 0.01Hz 



Passive, Low- 
pass Filter 
@ 0.01Hz 



Passive, Low- 
pass Filter 
@ 0.01 Hz 



Amplification 
@50-150x 



Amplification 
@50-150x 



Amplrfication 
@ 50-150x 



5 



Multiplexer / 
Demultiplexer 



eg 

□ 

Q 

-DL... 

.a... 




Passive, Low- 
pass Filter 
@ 0.01 Hz 



Amplification 
@ 5x 



Active, Hfgh-pass 
Fflter @ 30Hz; 
Amplificaiton 
@ 10x 



Passive, Low- 
pass Filter 
@ 0.01Hz 



Amplification 
<§50-150x 



c 



HEADSET 



Microcontroller 



□ 



CONTROL BOX 



EST AVAILABLE COPV 



a) Passive high-pass filter using an RC network to eliminate DC offset voltages 

b> beSrefiferinf TSS^ 3 fiX6d 9ain 0f 5 P rovides a sma » amplification 

Detore filtenng, as well as removes common-mode AC voltaqes present on the EEG 
waveform w,th respect to the reference voltage. Typical CMRR > 90db at ScX) 

c) 4-pole active low-pass filter providing 10x amplification with a 0.5db cutoff frequency of 
30Hz. Approx,mate attenuation of 90db per decade, with an attenuation of -30db at 

d) Passive high-pass filter using an RC network to eliminate DC offset voltages 

6) Nn^^ 98 instru r me " tation am P |ifi er with a variable gain of 50-150 provides the 
highest power amplication on the filtered signal, which reduces power oveVall Dower 
consumpt,on and provides the cleanest signal. Typical CMRR > 90dbToO«OH 2 . 

f) Multiplexed digital output reduces wire count by compressing N outputs into a single wire 

9) KS&'t!— ^ selection of individual electrodes for and 

h) Multiplexer/Demultiplexer facilitates (g) above 

i) Microcontroller in the control box provides sampling protocols 
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